INTRODUCTION
Dental implants are now established as having a major role in oral cavity rehabilitation. In the last decade, much of the workload has moved from the realm of the specialist to the general dental practitioner (GDP). The introduction of the cone-beam computed tomography (CBCT) scan has greatly assisted clinicians in their assessment of recipient site suitability for a dental implant.
General dental practitioners are generally the first assessors of a patient's suitability for dental implants. However, not all GDP are confident in this area. The ideal scenario would have all GDP able to accurately assess the difficulty and feasibility of implant placement. Furthermore, the GDP would then determine for each case whether this lies within the scope of their own practise or whether specialist referral is required. This would direct patient care in a timely and cost-effective manner.
There have been significant advances in the field of regenerative bone substitutes, with many products now available to the implant practitioner. These include new synthetic, recombinant and allograft materials. Technological advances in implant surfaces have markedly improved the predictability of osseointegration. Hence, there is now decreased reliance on the depth of implant placement and the width of the platform.
1,2 Despite these advancements, the resorbed alveolar ridge continues to pose a reconstructive challenge. Given their role in primary care, knowledge of current grafting techniques would benefit GDP in their assessment of implant candidates. Thus, patients previously deemed unsuitable for implants could receive this form of oral rehabilitation following appropriate referral for bone grafting. 
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We sought to explore the knowledge of implant techniques in a group of GDP through their assessment of clinical scenarios. Our aim was to determine their assessment of case difficulty, knowledge of grafting techniques and materials, and their preferred pathway of referral for each of the clinical cases.
METHODS
Seventy dental practitioners were approached to complete a survey. These practitioners were part of a local general dental study group in Canberra, Australia. They were not given time to prepare or research their answers, and the data were collected contemporaneously at a single meeting. De-identified radiographic images were utilized and survey participants were asked to remain anonymous. Each case scenario included a hypothetical case history and a single CBCT image with overlaid dimensions. Research was conducted with the approval of the Oral and Maxillofacial Department at The Canberra Hospital and formal ethical approval was not required. There were no conflicts of interest.
There were five theoretical case studies, three of which would require bone-grafting procedures in order to facilitate implant placement. Each scenario had its own challenge as assessed by a senior clinician (DH). The scenarios were: (i) vertical ridge deficiency in the posterior mandible (Fig. 1a) ; (ii) single tooth replacement within the aesthetic zone (Fig. 1b) ; (iii) horizontal deficiency in the maxilla (Fig. 1c) ; (iv) posterior mandible with adequate bony architecture ( Fig.  1d ) and (v) vertical deficiency in the posterior maxilla requiring a sinus lift (Fig. 1e) .
Respondents answered baseline demographic questions to ensure their appropriateness for inclusion. Their age, sex and number of years in practise were collected. We also assessed implant experience by asking the respondents the average number of dental implants they placed per year.
For each scenario, the respondents were asked to: (i) rate the difficulty using a numerical scale (0, 'no difficulty' to 5, 'most difficult'); (ii) decide if a graft was required; (iii) if required, the graft material of choice; and (iv) the most suitable practitioner to perform the grafting procedure.
Results were collated using an excel spreadsheet and analysed using the statistical software SPSS version 22.0 (SPSS, Chicago, IL, USA). Generalized linear models with Bonferroni adjustment for multiple testing were used to examine the referral patterns, scenario complexity and techniques. Some of the categories were simplified to allow for statistical analysis. Practitioners were excluded if they were specialists, as were the GDP that were placing more than 20 implants per year. This was due to there being insufficient numbers to allow for a comparison group for experienced compared with inexperienced practitioners.
RESULTS

Practitioner characteristics
In total, 70 surveys were distributed. Of these, 53 were completely answered (76%). The other 17 were incompletely answered and were excluded. The remaining 13 surveys were excluded due to the respondents being dental specialists or GDP with significant implant experience.
For the 40 surveys included in the analysis, the respondents were predominantly male (29/40, 72.5%), with an average age of 41.6 years (range, 24-63). The average number of years practicing dentistry was 16.7 (range, 1-37; Table 1 ).
Assessment of case difficulty
Practitioners rated the case involving the horizontal defect on the maxillary alveolus as the most The case requiring a sinus lift procedure was rated as the next most difficult, with an average difficulty rating of 3.68. The difference in difficulty ratings between the sinus lift and horizontal defect cases was not significant (P = 0.17). The remaining cases were rated in decreasing order of difficulty as the aesthetic zone case (rating = 3.25), the vertical defect case (rating = 2.8) and the no graft case (rating 1.88). These were all rated as being significantly less difficult than the horizontal defect case (P < 0.001).
The majority of respondents (32/40, 80%) correctly identified the need for bone grafting in the sinus lift case. However, this reduced to 65% (26/40) for the horizontal deficiency case. For the aesthetic zone case, 47.5% of respondents would have recommended bone grafting. Only 10 of the 40 practitioners (25%) recommended grafting for the vertical deficiency case, with the remainder either not responding (10/40, 25%) or wrongly indicating that no graft was required (20/40, 50%). In the scenario where a bone graft was not required, 12.5% (5/40) of responders incorrectly recommended placing a bone graft.
Bone graft and materials
The third question required respondents to specify the type of bone graft they would recommend for each case. These results were collated to identify the type of graft favoured by the GDP. For those cases (horizontal, vertical, sinus lift) where grafting was required, 28% of questions were left blank. In the case where no graft was required, 65% correctly identified this, with the remaining responses being either an incorrect graft (15%) or left unanswered (20%). The aesthetic case was answered variably, which was reasonable given different treatment options were acceptable. When a graft type was chose, the most popular material was bovine xenograft (e. (Fig. 2) .
Specialist referral patterns
After adjusting for age, gender and number of years in practise, the pattern of referral was significantly different for the horizontal and sinus lift case scenarios (P < 0.01). In both of these cases, 50% of the surveyed GDP chose a referral to an oral and maxillofacial surgeon (OMS) as being their preferred pathway. Forty percent of GDP would refer the sinus lift case preferentially to a periodontist or prosthodontist. This was also true for the horizontal defect case in 47% of those surveyed.
For the aesthetic zone, no graft and vertical defect scenarios, the preferred pathway of referral was also to a periodontist or prosthodontist, at 70%, 57.5% and 60%, respectively. Referral to an OMS was selected in a minority of cases at 17.5%, 15% and 30% of responses, respectively.
DISCUSSION
The aim of this survey was to provide an insight into the ability of GDP to assess patient suitability for implant rehabilitation. Their knowledge of techniques, grafting materials and the available referral pathways was assessed through different case scenarios.
Patients will commonly present to the GDP seeking solutions for missing teeth. In best practise, GDP would have the education and experience to compose a comprehensive oral rehabilitation plan, without necessarily being able to deliver that plan. If GDP can identify a patient for who implants would be inappropriate, the patient would be saved both time and money by not being investigated further. The specialist would also be saved a consultation that could better serve another patient. Furthermore, it would be ideal if GDP could direct patients to the specialist practitioners able to perform a bone graftassisted implant reconstruction when appropriate. Cottrell et al. 3 reviewed surgical referral patterns of 600 GDP in the USA for the purpose of improving patient care pathways. The survey reviewed the referral patterns for all oral surgical procedures. Cottrell et al. found that 10% of GDP would be comfortable performing implant placement, with the remainder referring to surgeons (50%) and to periodontal specialists (30%). In this study, male practitioners were more likely to place implants than female practitioners. The main reasons cited for specialist referral were inadequate surgical training followed by lack of appropriate equipment. The ease of referral and access to specialists appeared to be important factors contributing to the tendency to refer patients for these services.
After excluding the GDP who indicated that they were placing implants on a regular basis, six of 40 (15%) respondents would have been happy to place an implant in the case not requiring augmentation. Three GDP (7.5%) would have been prepared to complete the aesthetic zone case. In the remaining cases requiring grafting, the majority of GDP felt that it was beyond their scope of practise and would refer the case (>95%).
Meraw and colleagues 4 analysed the referral patterns for the surgical phase of implant placement in a single large tertiary referral centre in the USA between 1993 and 1997. They stated that historically the surgical phase was the domain of the OMS. However, the management of this phase has also evolved into the domain of the periodontal specialist. All referrals in their study were from a prosthodontics department. A retrospective review of their data found no difference in the referral patterns to the two specialties when corrected for staffing availability. When comparing the characteristics of the patients who were referred to an OMS compared with a periodontist, the only significant difference between the groups was their ages. Intriguingly, the group of patients referred to OMS had a younger mean age (47.5 vs 55 years, P < 0.001) compared to those referred to a periodontist. The authors found this result surprising, because they envisaged that older patients with more medical comorbidities would have been preferentially referred to the practitioners who have undergone more extensive medical training. However, despite the OMS patients being significantly younger, Meraw et al. found no difference in the likelihood of long-term implant survival when performed by an OMS compared with a periodontal practitioner. Additionally, there was no relationship between the anatomical location of the required implant and the specialist referral in this study population. Those patients requiring more than one implant were also equally likely to be referred to an OMS as a periodontist. In terms of the treatment administrated, they did report that periodontists in their institution were more likely to apply barrier membrane techniques to prepare the alveolar ridges whereas the OMS were more likely to correct bony deficits with autogenous bone grafting.
General dental practitioners in our survey were much more likely to refer cases to an OMS that would require bone regeneration with a horizontal defect or a sinus lift. This was a significant difference when compared with the likelihood of referrals to an OMS for an aesthetic zone case (P = 0.005) or a case not requiring augmentation outside of the aesthetic zone (P = 0.002). The authors felt these results were not unreasonable given that surgical procedures involving grafting and sinus lifts can pose a significant surgical challenge even if performed on a regular basis.
Wisecup 5 reviewed the referral patterns of dental students when considering not only implant placement, but also the associated extractions and pre-prosthetic surgery. When only soft tissue augmentation was required, a referral to a periodontist was favoured by over 60% of those surveyed. This decreased to 37% when bone grafting was required. Wisecup found that more than two-thirds of the student group preferred to refer to an OMS for both implant placement and bone grafting procedures. However, only half of the students still favoured OMS referral for the placement of implants involving the aesthetic zone. Our surveyed GDP showed similar preferences to the aforementioned dental student group in that 70% would refer cases involving the aesthetic zone to periodontal and prosthodontic colleagues.
Recombinant technology for the production of new bone graft materials is adding to the armamentarium that is available to the implant surgeon. These techniques, although expensive, can significantly decrease operating time and do not inflict donor site morbidity. Results are predictable and are not limited by supply. There are many different products that offer both osseoconductive and osseoinductive properties that are approaching those of autogenous bone, which has traditionally been seen as the gold standard in implant rehabilitation. 6 Additionally, there is evidence that survival rates of implants placed in augmented ridges are comparable with implants placed into native alveolar bone. 7 The study participants were asked to choose a bone graft material where appropriate for each scenario. Of the total number of responses, 49% were either left blank or indicated that no graft was required when this was incorrect. This suggests a reasonable proportion of our surveyed GDP were unfamiliar with the indications for grafting or the available materials listed in the scenarios. The options given included autograft, xenograft, allograft, synthetic and recombinant materials. The majority of the group (70%) correctly identified that no graft was required in the scenario with adequate bony architecture. A review of bone augmentation in implant procedures was published by Chiapasco et al. in 2009. 8 In their review, they found that similar implant survival outcomes have been reported with the use of a variety of graft materials, such as the aforementioned autogenous bone, xenograft, alloplast and mixtures of these materials. However, the reviewers noted that there was a lack of uniformity of the available data, such that it was not possible to demonstrate that one surgical augmentation technique was superior to the others. This was due to the variations in factors such as quantity and quality of pre-existing bone, type of implant surface, loading protocols and number of implants placed. 8 The material that would be most familiar with implant practitioners would be the use of xenograft bovine bone, which was reflected in our survey. The newer products or less available materials did not score highly in our results. This again would be expected unless the practitioner was familiar with advanced grafting techniques.
Overall, the responses indicated that the surveyed GDP rated the horizontal ridge deficiency as being the most technically challenging (mean difficulty score, 4.4 out of 5). This was closely followed by the sinus lift case (mean difficulty score, 3.8 out of 5). The case not requiring augmentation was given a mean difficulty score of 1.88. Only 25% of respondents correctly identified that a graft would be required for the vertical mandibular deficiency scenario, with over half of the remaining responses indicating that no graft was required. This is one of the most challenging problems faced in implant placement, due to the unpredictability of vertical ridge augmentation. Earlier, in 2004, Chiapasco et al. compared the use of guided bone regeneration (GBR) to vertical alveolar distraction osteogenesis (DO). 9 They reported that although both techniques were reliable, DO had a lower complication rate and more long-term predictability for the maintenance of vertical bone height and implant success. They found that more bone resorption occurred in the group treated with GBR and there was a lower implant success rate of 75% compared with 94% following DO.
The survey results implied a lack of appreciation of this complex problem in oral implant rehabilitation. Based on the surveyed group, this is likely due to lack of implant experience.
The authors acknowledge that although the survey numbers were small and limited to a single study group, we feel that it has provided some insight into the knowledge base of GDP who have minimal experience with dental implants. The use of a single slice CBCT image was used to demonstrate common scenarios that GDP could face in everyday practise. However, we do accept that it is impossible to construct a detailed treatment plan based on this alone.
CONCLUSIONS
The findings confirm that GDP are accurate in assessing the difficulty of an implant case and conservative when it comes to taking on these complex cases. GDP are less confident when it comes to recognizing cases that require bone grafting, and the options that are available.
For routine implant placement, the periodontists and the prosthodontists appear to be the preferred choice for referring GDP. However, when more complicated ridge augmentation is required, OMS appear to be favoured. Further education at the undergraduate level could prove beneficial for graduating dental practitioners in ridge augmentation to help GDP confidently recognize ridge deficiencies and the possible treatment options available. Postgraduate education in GDP local networks could also be beneficial in identifying potential patients who may benefit from implant rehabilitation with suitable alveolar ridge augmentation.
